The fluoride content in the urine, hair, and nails of 106 workers employed in a phosphate fertiliser plant was significantly raised above the control level. Positive correlations were found between the group means for concentrations of fluorides in urine and hair (r = 0 77), urine and nails (r = 0-99), and hair and nails (r = 0 70). Individual values in the whole population gave significant correlations between concentrations in urine and nails (r = 0-73). The obtained results indicate that the fluoride content in hair and nails may be used as an indicator of occupational exposure to fluorides.
W Czamowski, J Krechniak Abstract The fluoride content in the urine, hair, and nails of 106 workers employed in a phosphate fertiliser plant was significantly raised above the control level. Positive correlations were found between the group means for concentrations of fluorides in urine and hair (r = 0 77), urine and nails (r = 0-99), and hair and nails (r = 0 70). Individual values in the whole population gave significant correlations between concentrations in urine and nails (r = 0-73). The obtained results indicate that the fluoride content in hair and nails may be used as an indicator of occupational exposure to fluorides.
Fluoroapatites and phosphorites are used in manufacturing phosphate fertilisers. About 3% or 4% of these raw materials is fluoride. During the preparation of soluble phosphates, treatment with sulphuric acid releases about half the fluoride in gaseous form, mostly as hydrogen fluoride (HF). The reaction of hydrofluoric acid with silica present in the rock also produces silicon tetrafluoride. During the whole procedure workers are exposed to fluoride gases and dusts. Also, the finished phosphates contain some fluoride and are potentially dangerous. The Low exposure was in units located in the vicinity ofthe plant (laboratory, office, production of sulphuric acid). The employees are exposed mostly on gaseous fluorine compounds. The level of particulate fluorides is only about 10% of the HF concentrations.
The fluoride concentrations in workshop air changed irregularly during the workshift. As no personal dosimeters were available, the exposure was estimated by analyses of workers' urine, hair, and nails.
Materials and methods Fluoride concentrations in the urine, hair, and nails of 106 employees (88 men and 18 women) of a phosphate fertiliser plant were determined. The mean age of the examined group was 39 7 years (range 22-61) and the mean period of employment was 14-9 years (range 1-35). Samples of urine were collected during the workshift and immediately thereafter. Samples of hair (minimal length 1-5 cm) and nails were taken on the same day. The control group consisted of workers not exposed occupationDepartment of Toxicology, Medical Academy in Gdansk, Gdansk-Wrzeszcz, Poland W Czarnowski, J Krechniak In workers employed in the production units ofthe plant (groups 2-5) where hydrogen fluoride concen- 14 The highest increase in fluoride content was found in hair. In highly exposed workers the obtained results exceeded even more than a hundredfold the normal value. There is often, however, a large dispersion of results within a group of employees caused most probably by differences in exposure. For example, in the production of superphosphate the highest value was 3650/ug/g and the lowest 10 0 pg/g (an electrician).
An individual variation may be caused by considerable differences in absorption, distribution, and excretion of fluorides or by differences in eating and drinking habits and work practices.
The correlation between fluoride concentration in different index media was not consistent. Within groups the correlation was mostly poor or nonsignificant (table 2) . Nevertheless, when group means were used consistent positive correlations were found for fluoride concentrations in urine and hair (r = 0-77), urine and nails (r = 0 99), and hair and nails (r = 0 70). When individual rather than group values were correlated a positive correlation was found only between the concentrations in urine and nails (r = 0 73).
For reasons mentioned above no correlations between fluoride concentrations in biological media and air could be established.
In conclusion, our results seem to indicate that a considerable increase in fluoride content in all text materials occurred in each group of employees in the fertiliser plant. The increase depended on the degree of occupational exposure. By far the highest increment was noticed in the hair. Taking into account the availability of this material, hair may be regarded as a useful material in evaluating prolonged exposure to fluorine compounds.
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